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SUBJECT: Study of the Dota on the Vater Flow of the Helmsnd diver

[_—_ The Emtassy trenswits herewith a study of the availatle data on the water —__]
fiow of the Helmsnd Ziver made Ly Mr. Xeorl Jetbter, Hydrologist of USOM/Iran.
Since Mr. Jetter serves under the Geologiczl Survey Division of the United
States Department of Interior {U.S5.G.S.), he has recuested thet, according to
usual procedures, his reyort and the four accorpanying plates te forwaried to
this Livision for onalysis c¢nd reviev.

This study was unfervaken at the request of Ambassador Henderson in an

attempt to establish what factual basis there might be in recent available -
date for the recurrent guarrels betucen Iran and Afchanistan over the guesticn
of the arvortionment of the waters of the Helmand River and, primarily, to
detercire the effects of ine operation of the two dams in Afghanistan on the
river flow. The dzta on w:ich tiis study is tased were collected, on the one
hand, under the supervision of the 1.S.G.S. engineers from six g. ying

st:tions in ifghsnistan »pd, on the other, ty the Irrigation Department of the
Tranisn ldristry of A+riculure from two ¢ ging stotions on the Sistsn River,
one of tne two disirituteries of the Helmand River in Iranian Sistzn. The
data of the US.G.S. were received under cover of US(M A-~18 dated ipril 7, 1954,
from USON/Afghcnistan. “hese data are provisional ond preliminary and are
subject to review, while the data from the Irznian g ging stziions cammot te
consid.red wholly satisfactory. Revertheless, taken together, thesc data do
offer the possibility of drawing certain broad conclusions:

(1) “he two dexs in ~fghanisten, the I _zkai on the PelrenG, and the
isrghandal on its trilutary, the srghancib -iver, in operation sirce Junuary
1953 znd Februasry 1952 respectively, have resulted in a materisl raduction of
the magnitude of the floods zndé the lengtn of tire of flooding in Iranian
Sistan and have zmrecially increased the low water flows. The more even
distritution of the water flow, ltoth from sezson 1o season within each year
sapd from year to yesr, should, under nornzl irrigstion practices, ie teneficisl
to the agriculture of Irsnian Sisten.

(2) “he total srnual cusntities of wsier rec hinrg the Siston fiver during
the recent pcrio? of record have been ir. excess of tnose estiroted in 1551 bty
the Helmend River Telta Commission (The "Heutr:ol Commission") as teing required
L_—fy irsrian Sistean. The Commisasion estimoted thet Irspisn Sistan recuired cn ___J
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annual flow from the Helmand of less than 600,000 acre-feet, whereas the estima- l
1 ted average over the list four years (May 1950 - February 1954) has been
3,000,030 acre~feet and the flow in the driest year wss 1,400,000 acre-feet.

(3) In all probability, the extent of the rasture lands in Irsnien
Sistan will te reduced by the action of the dams, since these pastures are
dependcnt on the flood flows, and the cattle industry in the Sistan Province
mey thereby suffer.

(4) There is insufficient data to reach an acceptatle dete :-ination of
the quantitative effccts of the operations of trhe Afghanistan dams on the water
flow entering Iranion Sistan. The dams have teen in operation too short a time,
the points of discharge measurement too few, and the records too short to offer
valid and sccurste long-term comunrisons. There are at present not enough
g . ging strticns nor have some of the g ging stations in operation provided
satisfactory data.

The Embacssy has in preparaticn a second despatch on the Helmsnd River that
will snalyze the recent Irsnisn note to the Afghan Government on this matter.

For the Jhar;e d'iffsirs 2.1.

William Xoren, Jr.
Counselor of Emkbassy
For Folitiecal Affairs
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(Report by Karl Jetter, Hydraulic Engineer, U.S. Geological Survey, Technical
Advisor USCM/Iran;

»

1. The two purposes of this review of the lelmand River records are to
evaluate (a) the change in river regimen caused by the completion and opera-
tion of the two dams in Afghanictan, the Kajakai on the Helmand River and the
Arghandab on its Arghandab tributary, and (b) the quantities of water which
have flowed into Iranian Sistan during the pariod of record to determine if
Iranian Sistan was receiving its required share of the Helmand River flow as
estimated by the Helmand River Delta Commission,

2. The data for this survey were obtained from tha following sources:

a) The Geological Survey of the U.3. Department of the Interior
(U.3.G5.5.), which gives water flow measuraments:

Of the Helmand River: atove the Kajakai Dam since 1©53
below ths Kajakail Dam since 1947
at Chahar Burjak (Uct. 1949 to March 1951
Cet. 1953 to date) This gauging station
is some 47 miles upstream from the Iranian
frontier.

Of the Arghandab River: above the Arghandab Uam since 1952
below the Arshan’ab Dam since 1948
at Kala Bist, cn the Arghandab above its
Juneturs with thas Helmand iiver, since 1950,

(

It should be pointed out that the data from this source are provisional, but are
considered in this renort to be good to fair, and reliable during the period of
reservoir opsration (since January 2&, 1953 Tor the Kajakai dam, and since

b
i

February 24, 1952 for the irghandab dam).

b) The Irrization Bon.sah of the Iranian Ministry of Agriculture. In
1947 the Bongah established a gauging stution about half a kilometer below the
Sistan diver h=ad, above Band-i-Kohak.: 3ecouss of varying backwater from
diversion dams downstream, evaluation of the data from this station is very
difficult and anoth=r station was therefors established in 1950 at a site a
short distance below Band-i-ijohak, some 175 kilom>ters from the Sistan's head.
Unless measurements ars taken of the water diverted into the irrigation canals
between the two ztations, the measurements of the total inflow into the Sistan
River are not correct. Moreover, the water flow of the Sistan is only a part
of the total discharge into Iranian Sistan, The Helmand 2iver divides into two
branches after entering Sists:n Province, the Sistan and the Farian livers.
(The latter is also called tte Common River and for about ten miles forms the l

‘ ¥ Band means dam in Persian
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boundary between Iran and Afghanistan. Beyond this the Parian divides into
two branches, one of vhiech is the Hirmand River.) l'o measurements are at
present being taken of the water flow into the Parian River system. Therefore,
the official Iranian figures of the water flow into 3istan undervalue the
amounts of water actuslly entering the province, However, it is counsidered
that; on the whola, the figures do give an indication of the changes that have
o.*urred in the rlver regimen as they affect Iranian Sistan due to the opera-
tion of the “fghan dams,

3. The effects of the reservoirs on the major source of supnly are shown
by discharge data furnished by the U.S5.G.3 measuring inflow and outflow of
the reservoirs. Tha measirements in monthly volumes of water are shown graphi-
cally by Plates I and II. Tha flows at the damsites are subsequently reflected
in the flow irto Irarian sistan, Basically, the rsserv-irs serve to red ce
floods by storing surplus waters and to inersese low flows by latzr releasing
this surplus.

4. Of the two reservoirs, the Kajakai, with its 1,500,000 acre-feet of
storage caracity, controls in large desrse the flow from the major contributing
Helmand Hivar catchment basin and thus primarily determines the total volume
of water as uell 23 modification of floods and leow-water flows in Iranian
Sistan,

The aflect cf the Kajalzai reserveir on the flow of the Helmand River at
the darsite is shown on Flate T, Tha Kajakal Dar was completed in the latter
part of January 1©53 and started operation in February, at the beginning of the
flocd psricd., The flocd neriod of that y:ar, lasting from the bezinring of
Fabrvnry through Jun~, provided a totsl inflow of 3,104,000 acrz-fzet.* During
the noriod of Isinmiiry through May, when the reservoir was storing, the total
floo” p2-iod inllow waz 2,715,000 acre-f2et and the total outflow was 1,334,000
sere-f22t; th- surplus over the oubflow, amounting to about 1,381,000 acre_feet
{or pea"’f tna rizervolir storage cara01ty) vwas storel. flance a little more
then half of ths flocd uvater was held back from flowing to Iranian Sistan,
znd tha psak tlows and duraticn of floodinz were correspondingly reduced, Had
this water not “e2n withhsid, it would otharwise have contributed to the
flood period flous cnd thersh to the crzation of the pasture lands in Iranian
Sistan. Fror Juns through the followin:s: Noverber, €67,00C acre-feet of the
stored water were relsassd; after that the inflow again exceeded the outflow
and the water was stored. In September, which is the month of the lowest flow,
the ausmentation of the low psriod flow by this stored water increased the
month's volume from 11€, CO acre—feat just below ths dam (which would have been
the flow without thz resarveoirs) to 222,000 acre~feet.

During the neriod from February through November 1953, the reservoir thus
withheld a net volume of about 414,000 acre-feet of water, which was not
available then for downstream users and was carrizd over into the next year's
operation.

1 * Pigures given are to the nearest thousand. ' ‘
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' 5. The Arghandab reservoir, with its 395,000 acre-feet of storage; |
apparently effectively controls the ordinary flows from the small and lower
yielding Arghandab Hiver basin. Its reduction of floods must in some measure
also pe . 21t in Iranian Sistan. However, because of irrigation recuirements in
the reachzs hetwsen the rsservoir and Kala Bist, i.e, along the lowsr Arghandab
River, most of the surplus flood waters stored in the Arghandab Reservoir and
subssquertls released to increase low period flows contribute little to the
low period flow reaching Sistan, Since the Arghandab reservoir cap-city is
insufficient completely to retain the major floods of the River, the contribu-
tion of the Arzhandab River subsequent to the construction of the reservoir
to the volime of water flowing into the Helmand is essentially th= guantity
during floods which is in excess of the reservoir's canacity.

The efsct of the irghandab reservoir on the flow of the Arghandab River
at the damsits is shown on Plate II, The dam was closed February 24, 1952,
and stdrted operation at the beginning of the flood period late in February.
The subsequent flood period through May, had a total inflow of about 550,000
acre-feet, Of this, about 240,000 acre-feet were rsleased and abcut 310,000
acre-fest retained in storage (or 57 parcent of the flood volurme and about 79
per cent of the reservoir's storage capacity). Suise-uently, up to the ¢ nd of
the calendar y=ar, there was r>leased from storage a total of about 6&,000 acre-
feat, contributin;: only a moderate incrzass of 2,500 acre-feet to th= lowest
flow volume in Septemb-r, increasing the volure fram 18,300 ocre-feet to
20,800 accre—feet., Hencs there were retained in storage by the end of December
1952 about 242,000 acre-feet tlat otherwise wovld have flowed towards Sistan.

The small flood of February-April 1953 had a total inflow volume of
311,020 acre-feet, of i.lch 165,000 acre-feet were rzleased and 146,000 acre-
fes* uere storsd. The total volume in storage at the end of March 1953 was
365.C00 acre-fest, of which 216,000 acre-fset wers released during the remainder
of the vear rotsining in storasge at the end of December 1953 about 149,000 acre-
feet, The relecss of 34,500 acre-~fe=t in Septerber incrzesed the flow from
7,600 to 42,177 acre-I=ot Jurin;: the ni: houm-flow month.

Eyxcent for svaror~tion lossas and the 1 2,00 acre-feet retained in storage
at the and of Dzcanuar 1753, ths vemainin: volume of the to*al inflow of
1,298,070 acre-fzot rece vad v the ressrvoir from the Arghandsb catchment basin
during ths rariod Tabru-ry 1952 to Dscamher 1953 was gradually released
throughcut this poriod. Hewevar, it is prohable that it did not provide a total
volume of water in Sistan esqual to what it would have provided had the floods
passed uncentrolled, because, as mentioned above, irrigation between ths dam
and the Helmand “ivesr probebly absorbs a lar:er part of the total volume when the
flow is regulated, Thus, in two years; a gross total of 455,500 acre-feet of
surplus flood flow volume was retained for longer or shorter periods and in some
measure must have reducel the total volum= which would otherwise have reached
Irenian Sistan. An exact determination of the Reservoir's effect will require
more complete and up-to~date data from the gauging station at Kala oist than

i is at present available to this office. ‘
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6, The effects of the Afghan reservoirs on the flow of the bistan iiver .
in Iran are also shown by a study of the dally discharge data obtained bhelow
Band-i-Zohak in Irarian Sistan. These data ' ndicate the total Sistan River
flow. Since Band-i-Zohok is 15 kilometers below the head of the sistan dis-~
tributary (of the Hslmand), allowance is presumably m:de for the diversiomns in
the intervening 15 kilometers. The daily dischargs hydrographs are given in
Plates III and IV. A comparison of the daily discharge hydrographs for the
period prior to operation of the reservoirs with that subsequent to this opera-
tion clzarly shows the reservoirs' effectiveness in reducing floods ard ine-
creasing low flows.

During the neriod of rescord, 1951 was a year of meximum water supply and
1953 a year of minimum water supply so that direet comperison of the volume
of flow would he misleading. Comparison of ths two yeoars with respect to the
ratio of the volus: of water flowing during th~ flood period tec the volum= of
water during thz dry veriod dees, however, illustrote the =ffects of the
raservoirs. In 1C51 the waters were not controlled; they were in 1653, In
1951 the total volume of . gter during the 5 morths of largest flow, from
February throuch June, amountad to 3,160,000 acre-feet vhile the volume of
water during the 5 months of lowest flow from sugust through Lacenber, amounted
to 326,000 acre-fest —— a ratio 9.8 to 1. The minimum flow was about 550 cubie
feet poer second. In 1953, the total volume of water from February through June
amounted to £9C,00C acera-feet and, from woust through Dzcamber to 482,000 acre-
feat —- a ratio of 2.72 to 1. The minimum flow was about 10C0 cubic feet per
second. This makes abundantly cl-ar the fact that the e"fect of the dams is:
(1) to reduce the flood peaks and incresase the low water flow, thereby spread-
ing out the water supply throughout the yzar; and (2) permit a graater con-
sistency of flow from y ar to year.

The predominant effect of the Kajakai ocutflow is indicated by comparison of
the data from Band-i-Zohsk for the calendar ;=ar 1951, before either of the
reservoirs was in oper:ztion, with 1952, when Arzhandab alone was in oporation.
The flood period flows are roughly prorcrtional to tha flood volumes at the
damsite and show no marked effect attribut:vle.fg the .rghandab rsservoir, and
similarly tha low period flous. This confirne/r2latively minor contributions
made by ths Arghandab tributary, ss deduced in paragraph 5, and, more generally,

-

the eonclusiors re-chad in peragravhs 4 and 5 regarding the effect of the dams,

7. The six-y2ar period of concu-rent rscord cf the anmual inflows from the
catchment areas into the raserv-irz (Uct. 1947 to September 1953) indicates an
average annual volume of about 5,600,000 acre-feat. The minimum volume for this
six-ysar period occurred in 1953, when it amount2d to 4,170,000 aere-fast, It
was also in tha courze of this low year that tho lowest annual volume of flow,
1,400,000 acre-fzst, was recordsd for the "isfan River as compared with an
estimated annual aver:ge of 3,070,070 scre-feet for ths four-yrar perio. of
record. This indicates that, even subsequeht to the op2ration of the dams,
Iranian Sistan received in the dry y=ar of racord a quantity of walter over twiee
as large as the neesds estimated by the Helmand 2iver Dslta Commission. The Com-
mission estimated the requirements of the whole of Sistan, to be around 700,000
acre-fest per year, of whieh about 560,000 acre-feet would be for Iranian Sistan
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l and 140,000 acre-feet for Afghan Sistan., Moreover, the figures for the dry \
year 1953 of 1,400,000 acrs-feet and for the average ysar of 3,000,000 acre-feet,
are the volumes of water flowing into the Sistan River only and do not take into
account the vater flowin- into the Parian River,

&, PRetwean the head of the Sistan distrihutary and Band-i-Kohak five
diversion canals were sesn, sach with inverts considerably above the water sur-
faes of tha Sistan Tiver; these inverts normally would be high and dry except
during pariods of Floodsu The Uand-i-Kohak has zaotes high enough so that when
in operation it is beliesved that flov during low "low periods could be diverted
into these higher level canals. Hsnee, unless the wvater level is artificially
raisesi b Iracian . astallations so th:t waler may enter these high level canals,
the reduction of ths flood p=3ks now being brought sbout through storage of flood
period flow tr ths fzhon dams would correspondingly reduce the water available to
these canals.

In Summarw:

va2 materially reducad the magnitude and lencgth of
flooding in Irazla* bﬂ**1¢ and appreeizbly incraased the low water period
(summar-fall, flows. '

2. “seswse of the refuection in flood lows, the axtent of flood pastures
or flood flow i rimtion will be reducsd.

3, It is taliavad thaot the data as pre-2anted in the fally discharge
hydrogravhs ars sdequate for comparison of ™“:fors and after ressrvoir opsration
on the resirer of the Ziztan River in Iran, During the period of racord, these
hydrographs i: icate ﬁQﬁt the quantities of ater re chirg the Sistan diver were
in excass of thos: riated by the D=2lnmond Hiver D2lta Commission as being
reovire? hy Ironian o :e. They alsc indicate that the flow is more evenly
distributec Toth
flow would rorns

2ohout the yzar ond from y ar to year. Such a regulated
be mora beneficisl to the irrizstior of agricultural lands,

I -
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